The identity of chromospheric Call H-and K-line emission has been monitored for two seasons in a large sample of Hyades F and G dwarfs. Mean emission levels vary smoothly with spectral type, suggesting that the rotation rate at a given spectral type vâries relatively little, and that the rotation rate decreases smoothly as a function of mass. In this case the mechanism which controls pre-main-sequence angular momentum loss in late-type stars must be self-regulating to a high degree.
I. Introduction
It has been known for two decades that rotation in late-type main-sequence stars decreases both with increasing age and advancing spectral type (Wilson 1966; Kraft 1967; Skumanich 1972; Soderblom 1983) . These conclusions were drawn for stars of solar and earlier spectral type on the basis of Doppler-broadening measurements of the projected rotational velocity ν sin i. Progress has now been made in measuring the behavior of rotation as a function of mass and age along the lower main sequence, by the method of monitoring the time variation of chromospheric Ca π H-and K-line emission (Vaughan et al. 1981; Bahúnas et al. 1983 ). The periods so derived are much more accurate than those which can be inferred from even the most sophisticated Dopplerbroadening measurements such as those of Smith (1980) , Gray (1982a ), or Soderblom (1983 , and they are free of the sin i uncertainty inherent in Doppler measurements. Detection of the rotational modulation of chromospheric activity does, however, require many successive nights of observation, ideally several times the rotation period one hopes to detect. So far this method has only been applied to field stars.
Another method of determining the rotation periods in late-type stars makes use of the close correlation between mean chromospheric activity levels and period discovered in field dwarfs. This correlation can theoretically be used to determine rotation periods on the basis of a single or just a few measurements of H and Κ emission strength.
In order to examine the quantitative relation between age, spectral type, and rotation, we attempted to apply these two methods of determining rotation to stars in a cluster of known age. The Hyades is one of the open clusters closest to the sun and its late-type stars are bright enough for us to monitor. Since the Hyades stars are relatively young (log age -8.8 yrs, Duncan 1981) their Η and Κ emission is rather strong. Such strong emission suggests the likelihood of observing rotational modulation since, among chromospherically active stars in the field, rotational modulation is usually detectable (Bahúnas et al. 1983 ).
II. Observations
During the winter of 1981-82, 313 observations of 31 Hyades stars were obtained and during the winter of 1982-83, 736 observations of 44 stars. These are summarized in Table I . All were taken with the Η-K spectrometer of the Mount Wilson 60-inch (1.5-meter) telescope (Vaughan, Preston, and Wilson 1978) . This spectrophotometer uses one photomultiplier and a chopper to sample four spectral intervals. A ratio, the so-called "S cm Star designations are those of van Eueren (1952) . Photometry is from Johnson and Knuckles (1955) . Weights are defined such that 1/(WT)'^ is the percentage error in J3, if the only noise is photon fluctuations. Actual errors (determined from repeatability) tend to be very slightly higher than this. Usually, three observations in a row are made on a given star.
index," is formed proportional to the ratio of counts in two nominally 1 Â wide bands centered on the Ca π H and Κ lines to counts in two continuum bands to the red and blue. The normalization is such that S is essentially the residual intensity in the H line plus that in the Κ line.
On 1982 October 29 the Η-K spectrometer was slightly modified. The chopper wheel was changed to admit Η and Κ light simultaneously rather than sequentially, thus increasing sensitivity a factor of two at the expense of knowledge of the H/K ratio. At the same time a dual slit assembly was installed which allows a choice of 1 Â or 2 Â bandpasses at the Η and Κ lines; the narrower slits were used in the present investigation. The triangular instrumental profile has been measured to have a FWHM of 1.02 Â at the H and Κ lines, compared to 1.09 Â before the change. The constant of proportionality in the definition of the S index was adjusted so that measurements made after 1982 October 29 are on the same scale as those made before.
III. Rotation Periods
A. The Search for Rotational Modulation Figure 1A gives time-series H and Κ measurements of a number of stars. Although instrumental improvements increased system sensitivity about five times from the first season to the second, the number of observations only doubled, due to inclement weather in the second season, and large gaps are present in the data of both seasons.
Three techniques were used to search for periodicities in the data. The first was an autocorrelation analysis similar to that described in Baliunas et al. (1983) . Second was phasing the data together using a number of trial periods, computing the point-to-point arc-length sum in each case, and looking for the period which minimized the sum. A similar period-finding method was first proposed by Lafler and Kinman (1965) . Its properties are discussed by Dworetsky (1983) . Using the true arc-length represents a slight modification of their method and it gives better results. Finally, the power spectrum (periodogram) method developed by Scargle (1982) was used in the same way it has been applied to the analysis of fieldstar Η-K flux data by Baliunas et al. (1984) .
A period of 5?6 is clearly present in the data for VB 22. However, this star is a spectroscopic binary with an orbital period of 5.610 days and semiamplitude Κ = 59 km s -1 (Sanford 1924 ). The measured period reflects the orbital Doppler motion which was not allowed for in the nightly slit offset which is applied to compensate for the radial velocity of each star.
In order to evaluate the significance of power spectrum peaks, we calculated the "false alarm probability" (cf., Scargle 1982; Baliunas et al. 1984) . Formally, this describes the probability that a peak of a given height I(co) or higher would occur in the power spectrum of random, Gaussian data whose variance is the same as that of the observed data. Some evidence for periodicity was found in a few stars, which are listed in Table II .
Illustrative examples are shown in Figures 1A (data) and IB (power spectra). VB 37 is an example of a star showing very little variation in Η-K flux above that expected from measurement error. Its power spectrum (a) shows only random noise. The percentage variation in S for VB29 is slightly higher, and in (b) a peak corresponding to a period of 9?3 is seen, as well as a more marginal peak at 3¾). The false-alarm probability of the first peak is less than 0.1%, and that of the 3?0 peak about 0.4%. VB31 shows a higher S variance and two peaks in the power spectrum (c) near a period of 5?5. However, the less-significant peak is an alias of the more-significant one caused by the sampling interval. Laffler-Kinman also shows 6.8 d. Irregular spectrum with many features.
Relatively few observations. Relatively few observations.
Probably 2X the 1.25 d period implied by ν sin i.
Only spectra with features above noise are discussed. This is demonstrated in (d), where the frequency corresponding to the larger peak has been filtered from the data and the power spectrum recomputed. The second peak is seen to vanish. The primary peak has less than a 0.3% chance of being due to random fluctuations in the data, according to the prescription or Scargle. The more sparse VB 31 data from the first season shows a very marginal peak at a period of 5?2. The fact that nearly the same period shows up in two years' data lends some additional weight to its identification as a rotation period. The presence of differential rotation makes it possible that slightly different periods would be seen in the same star in different years; this has been seen in the Mount Wilson field-star data .
In an effort to better determine the reality of marginal power spectrum peaks, a number of spectra were computed after scrambling the data, that is, randomly assigning the observed S values to the actual observation times. The window function and variance of the data are unchanged by such scrambling and peaks in the power spectrum give an idea of the noise level expected from random fluctuations. Two of eight such trials with the second-season data of VB 31 are shown in Figure IB , (e), and (f), including the highest noise peak observed, one with /(ω) -6. The probability of this occurring by chance according to the Scargle prescription is about 11%, in good accord with our scrambling experiments.
Why are periods not more clearly detected? Periods in similar power spectra of field stars observed at Mount Wilson often show peaks with false-alarm probabilities < 10 -7 (e.g., Baliunas et al. 1984) . Part of the reason is the gaps in the data. When similar gaps are introduced into the data of Vaughan et al. (1981) , rotational modulation is less clear although still usually detectable in the power spectra. If, in addition, the photometric accuracy of the data is degraded to match that of the present Hyades data (cf., discussion below), the periods become difficult or sometimes impossible to detect.
It might be supposed that efforts to detect rotational modulation were being hampered by saturation; that the Hyades stars are so covered by active regions that any one region produces just a small fraction of the H and Κ emission and the percentage modulation is low. Before testing this conjecture, we note that the S index can be misleading if used to compare stars of very different spectral type since it is proportional to the ratio of H and Κ emission to flux in the adjacent continuum, and the continuum is much weaker in later stars. We therefore transform to a new variable R' UK , which removes this color dependence and in addition subtracts the background photospheric light from the H-and K-line cores. .R'hk i s normalized so that it equals the fraction of a star's bolometric luminosity which emerges as chromospheric emission in the Η and Κ lines. (Further details of the calculation of R' UK may be found in Noyes et al. 1984.) Figure 2 disproves the conjecture. It shows that the Hyades stars show more night-to-night variation than the field stars, and gives no evidence for the sort of saturation at high emission levels mentioned above. Part of the larger fluctuation in the Hyades measurements is due to their lower photometric accuracy, which is typically 2%-4% as compared to 1.5% for the field stars. When this is accounted for, the intrinsic variation in the Hyades is the same or slightly larger than in the field stars.
The lower accuracy of the Hyades measurements is probably crucial to our failure to detect more periods. Lafler and Kinman (1965) conclude that for a moderate number (10-40) of observations, as the signal-to-noise ratio of an individual measurement ranges from 3 to 5, the ability to detect periods ranges from "poor" to "good." Our practice is to make three consecutive measurements of a given star each night, and thus our instrumental "noise" for a Hyades star is typically about 2%, or about 1/3 of the amplitude of the modulation we wish to detect. We conclude that the failure to detect more periods is due to the Hyades data being more sparse and less precise than similar Mount Wilson data for field stars, and not to any intrinsic difference between the two groups of stars.
B. Rotation Periods Inferred from S Values
Although our data do not clearly show rotational modulation they do define the mean level of activity for each Hyades star very well, apart from possible long-term (multiyear) variations. These mean levels of activity are plotted in Figure 3 . The distribution is quite smooth, with rather small scatter at a given value of (B -V). Noyes et al. (1984) have shown that there is a remarkably tight correlation between mean stellar activity level and the ratio of rotation period to convective turnover time, the Rossby number, in main-sequence field stars. (The convective turnover time must be estimated as a function of (B -V) from theoretical calculations, such as those of Gilman 1980) . The correlation was discovered and calibrated entirely on the basis of solar-neighborhood field-star observations, but if it is a universal stellar property it should apply to the Hyades. We thus predict from the mean activity levels and (B -V) values (through the theoretical convective turnover time) the expected rotation periods. The average values of S for two years were used, as was the calibration of K'hk vs. Rossby number developed in Noyes et al. (1984) . The subtraction of photospheric background light in the cores of the H and Κ lines was made using the formula by Duncan in the appendix to Noyes et al. The differences in convection zone properties which arise from the Hyades being, on the average, younger than solar neighborhood dwarfs and about 0.2 to 0.3 dex more metal rich (thus with different opacity and a different color-effective temperature scale) were ignored. The calculations are summarized in Table III and the predicted periods shown in Figure 4 . We have not predicted the rotation of stars with (B -V) less than 0.5 because the calibration defined by the field-star data is not well determined for these earlier spectral types. For comparison the figure also shows rotation periods derived from the ν sin i measurements of Kraft (1967) and Soderblom (1983) . These were computed as P/P @ = R/R g χ 4/77· ν sin i with R estimated from (B -V) according to Allen (1973) .
The small scatter about the mean trend is the most important feature of Figure 4 . If these rotation periods are substantially correct they imply either that the conditions of star formation were remarkably uniform throughout the Hyades, or that the process of angular momentum loss which takes place during early stages of star formation in late-type stars is self-regulating to a high degree. The same conclusion was drawn using a subset of this data by Noyes (1983) .
Gray {1982a,b) has independently reached similar conclusions. His determinations of rotational velocities in giants of various spectral types suggest the onset of a sudden braking mechanism at approximately spectral type 
0.5 0.6 0.7 B-V 0.8 Fig. 4 -Rotation periods predicted from mean Η-K levels (for stars observed at least four nights)-filled circles. For comparison, periods calculated from υ sin i measurements of Kraft (1967; triangles) and Soderblom (1983; squares) are shown. Also shown (©) is the sun's period traced back to the Hyades age using the Skumanich law (see text). The sun is plotted at a value oí {B -V) corresponding to its estimated temperature when it was the age of the Hyades, slightly cooler than it is today. G5 III, from which all giants emerge with rotational velocity approximately 5 km s -1 . Gray suggests a similar regulation may occur in dwarfs, though the limiting rotational velocity could be a function of spectral type.
Our predicted rotation periods are indirect evidence of the operation of such a braking mechanism. Certainly these results need confirmation, and we plan further observations during the 1983/84 season. Significant confirmation is reported in the companion paper, Lockwood et al. (1984) , which presents measurements of the rotation periods of nine Hyades dwarfs derived from highprecision differential broad-band photometry carried out over a period of five months. In general, these measured periods agree remarkably well with those predicted here; there is some suggestion that the predicted periods are slightly low. The comparison is presented in Lockwood et al. (1984) .
C. CompaHson With the Skumanich Law
Skumanich (1972) suggested that the rotation of latetype stars declines with time as t~1 /2 . If the sun's current rotation period is projected back to an age of 6-7 χ 10 8 yrs with this relation its period would be approximately 9.5 days. As seen in Figure 4 , we predict that it would be among the slower stars of its color in the Hyades.
IV. Conclusions
In a sample of F and G Hyades dwarfs, mean levels of chromospheric activity have been well established and found to vary rather smoothly with spectral type. If the correlation between activity level and rotation period is as good as it is among the field stars , the rotation period of Hyades stars varies relatively little at a given spectral type. This in turn suggests the presence of a universal braking mechanism which controls pre-main-sequence angular momentum loss in late-type stars. Such a mechanism must be self-regulating to a high degree.
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